TITLE OF THE INVENTION 



Door opening/closing device for a vehicle and 
a method of recognizing an opening/closing operation of a vehicle door 

5 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is based on and claims priority under 35 U.S,6. §119 with 
respect to a Japanese Patent Application 2002-183194, filed on June 24, ^002, 
10 the entire content of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention generally relates to a vehicle door opening/closing device which 
15 detects a user coming close to a vehicle, unlocks a vehicle door upon a vehicle 
door opening operation, and locks the vehicle door upon a vehicle door closing 
operation. 

BACKGROUND OF THE INVENTION 

20 

A known smart entry system (a locking system) applicable for a vehicle door 
opening/closing device is disclosed In a European Patent Laid-Open Publication 
published as No, 1,006,028 A2 which corresponds to a Japanese Patent 
Laid-Open Publication published as No. 2000-160897. The disclosed smart 
25 entry system enables to detect whether or not a user carrying a portable station 
(I.e. a remote-controller) has come close to or been away from a vehicle door. 
The vehicle door is hence automatically locked or unlocked in response to the 
detected result. * Irt the light of foregoing, the smart entry system enhances the 
convenience forvippening/ciosing the vehicle door and the safety thereof. 

30 

The above-described publication discloses the automatic unlock/lock operation 
of the vehicle door. However, it does not appear to disclose how the vehicle 
door unlocked/locked condition is warned to the user. According to the 
disclosed smart entry system, It may be hence difficult for the user to be 
35 acknowledged whether or not the vehicle door has been actually locked without 
any warning to the user. Therefore^ recent requirements have been made to 
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warn the user that the vehicle door has been locked or unlocked in some way. 



According to a Japanese Patent Laid-Open Publication published as No. 
2000-45593, disclosed are an outputted light control signal and an outputted 
5 sound Control signal. The light control signal is referred to for deternriining an 
amount or quality of light emitted from a lumjnous member such as a dome light 
for Illuminating a vehicle interior, a head lamp, and a tail lamp in accordance with 
a lightness outside, the vehicle. The sound control signal is referred to for 
determining a volume or quality of a sound emitted from a sounding member Iri 

10 accordance with the lightness outside the vehicle. More particularly, when it is 
as light as day outside the vehicle, the light emitted from the luminous member 
may not be sufficient as a single parameter for recognising the vehicle door 
condition. In this case, the light emitting amount Is reducec| and a buzzer sound 
. can be used along with the emitted light as the parameter for recognizing the 

15 vehicle door condition. On the other hand, when it is as dark as evening or 
night outside the vehicle, the buzzer sound volume Is reduced and the emitted 
light can be used along with the buzzer sound as the parameter for recognizing 
the vehicle door condition. Therefore, the use can be easily acknowledged 
whether the vehicle door has been locked or unlocked. 



However, the luminous member such as the doom light for Illuminating the 
vehicle interior, the head lamp, and the tail lamp is provided at a distant from a 
door handle manually operated when the user intends to open or close the 
vehicle door. Therefore, according to the vehicle door opening/closing device, 
25 in which the vehicle door Is automatically locked or unlocked based upon the 
, ^ manual operation of the dopr handle, the user may not be surely acknowledged 

vji of the vehicle door condition in view of a visual field. In other words, the 
luminous membbr ^uch as the doom light, the head lamp, and the tail lamp Is 
' } • beyond the useit"^ visual field so that the use may not be surely acknowledged of 
3d the vehicle door condition. 



The present invention therefore seeks to provide an improved vehicle door 
opening/closing device capable of surely warning the user the vehicle door 
condition (I.e. locked or unlocked). 



20 
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SUMMARY OF THE INVENTION 



In light of foregoing, according to an aspect of the present invention, a door 
opening/closing device for a vehicle includes a door handle operated for 
5 opening/closing a vehicle dobr, a door lock mechanism for locking and unlocking 
the vehicle door, a light-emitting means included in the door handle and visible 
from an outside the door handle, and a control mechanism for recognizing the 
opening/closing operation of the vehicle door based upon the operation of the 
door handle, operating the door lock mechanism so as to unlock the vehicle door 
1 0 when the opening operation of the vehicle door is recognized, operating the door 
lock mechanism so as to (ock the vehicfe door when the closing operation of the 
vehicle door is recognized. The control mechanlshi controls the light-emitting 
means to llght-emit In response to the operation of the door, lock mechanism, 

t5 ft is preferable that the oor)trol mechaniBrr^ recognizes the vehicle door openlrig 
operation based upon the operation of the door handle under a condition that a 
portable station carried by a user is close to the vehicle from a vehicle outside, 
and recognizes the vehicle door closing operatlori based upon the operation of 
the door handle and recognition of the portable station moved from a vehicle 

20 inside to the vehicle outside. 

It is further preferable that the door handle Includes at least a first light-emitting 
means and a second light-emitting means, and the first and second light-emitting 
means are controlled individually. For example, the control mechanism 
25 controls the second light**emitting means to tight-emit upon the door unlock 
operation of the door lock. mechanism and controls the first light-emitting means 
to light-emit upon the door lock operation thereof. 

According to anof her aspect of the present invention, a method of recognizing an 
30 opening operation of a vehicle door Includes steps of recognizing that a user 
carrying a portable station is coming close to a vehicle from a vehicle outside, 
controlling a light-emitting means to emit light when the user carrying the 
portable station is recognized to be coming close to the vehicle, judging whether 
or not a user's hand Is in contact with a door handle, unlocking the vehicle door 
35 by operating a door lock mechanism when the user's hand is Judged to be in 
contact with the door handle, and controflfng the Ifght-emlttfng means to mit 
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light for a predetermined time in a different manner from a light-emitting manner 
during the portable station coming close to the vehicle from the vehicle outside. 

It is preferable that the light-emitting means is eontrpHed to continuously light-up 
5 when the user carrying the portable station is recognized to be coming close to 
the vehicle and the light emitting means is controlled to blink for the 
predetermined time when the vehicle door is unlocked. 

it is still preferable that the light-emitting means includes a first light-emitting 
10 means and a second light ernltting means. The first Itght-emltting means is 
controlled to light-up when the user carrying the portable station is recognized to 
be coming close to the vehicle and the second light-emitting means is controlled 
to light-up for the predetermined period of time when , the vehicle door Is 
unlocked. 

15 

According to further aspect of the present invention, a method of recognizing a 
closing operation of a vehicle door Includes steps of recognizing that a user 
carrying a portable station has moved from a vehicle Inside to a vehicle outside, 
controlling a llght-emltting means to emit light when the user carrying the 

20 portable station is recognized to have moved from the vehicle Inside to the 
vehicle outside, Judging whether or not a user's hand Is In contact with a door 
handle, locking the vehicle door by operating a door lock mechanism when the 
user's hand is judged to be in contact with the door handle, and controlling the 
llght-emltting nneans to emit light in a different manner from a light-emitting 

25 manner during the portable station having moved to the vehicle outside from the 
vehicle inside. 

It is preferable thatHhe light-emitting nneans is controlled to blink when the user 
carrying the port^bto station is recognized to have moved from the vehicle inside 
30 to the vehicle outside and the light emitting means is controlled to continuously 
llght-up when the vehicle door is locked. 

It is still preferable that the light-emitting means includes a first light-emitting 
means and a second light emitting means. The second light-emitting means Is 
35 controlled to light-up when the user carrying the portable station is recognized to 
have moved from the vehicle inside to the vehicle outside and the first 

4 



light-emitting means is controlled to light-up when the vehicle door is locked. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

5 The fdregolncj and additional features and characteristics of the present 
Invention will become more apparent from the following detailed description 
considered with reference to the accompanying drawing figures wherein: 

FIG. 1 Is a block view schematically illustrating a vehicle door opening/closing 
10 device applied for a keyless entry system (a smart entry system) according to an 
embodiment of the present invention; 

FIG. 2 is a block view schematically illustrating a portable, station used for the 
smart entry system Illustrated In FIG. 1; 

15 ■ ■ . ^ . 

FIG. 3 is a block view illustrating details of a door handle and a first oscillator 
which are Illustrated in FIG^ 1 ; 

FIG. 4 is a cross sectional view schematically illustrating the door handle; 

20 

FIG. 5 is a cross sectional view of a portion of the door handle which Includes a 
luminous member; 

FIG. 6 is a perspective view explaining assembling of the luminous member to 
25 the door handle; 

FIG. 7 is a cross sectional view of a portion of the door handle which includes a 

\ \^ ' ■ 
luminous member alccordlng to a modified mode of the embodiment; 

30 FIG. 8 Is a flowchart for explaining a light-emission by the luminous member 
upon the vehicle door unlocking operation; 

FIG. 9 is a flowchart for explaining a light-emission by the luminous member 
upon the vehicle door locking operation; and 

35 

FIG. 10 Is a block view illustrating an operational switch according to a modified 



embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

5 A preferred embodiment of the present invention will be described hereinbelpw 
in detail with reference to the accompanying drawings. 

As Illustrated in FIG. 1, a keyless entry system (i.e., a smart entry system and a 
door opening/dosing device) 1 judges whether a user carrying a portable steition 

10 60 such as a remote-controller (shown in FIG. 2) is coming close to the vehicle 
or moving way from the vehicle. When a door handle fs manually operated by 
the user during the user coming closer to the vehicle, the vehicle door condition 
is switched between a locked condition and an unlocked condition by a door lock 
mechanism 11 mounted adjacent to the vehicle door. In this case, a vehicle 

15 key Is hot required for switching the vehicle door condition between the locked 
and unlocked conditions. 

As illustrated in FIG.1 , a door panel Is provided with the door lock mechanism 1 1 
operated for unlocking and locking the vehicle dopr, a door ECU 12 for 

20 controlling operation of the door lock mechanism 1 1 , a door handle 20 fixed at 
an outer side of the door panel and embedding a first transmitting antenna 21 for 
communicating with a vehicle outside, and a first oscillator 30 connected with the 
first transmitting antenna 21 of the door handle 20. As described later, further 
embedded are in the door handle 20 a door^unlock detection sensor electrode 

25 22 (i.e. a sensor electrode), a door-lock detection sensor electrode 23 (i.e. the 
sensor electrode), and a luminous member 24 (i.e. a light-emitting means). 
Embedded are in ^ the vehicle a second transmitting antenna 41 used In the 
vehicle, a second d'sclllator 42 connected with the second transmitting antenna 
41, a receiving ^tuner 43, and a system ECU 44. The second transmitting 

30 antenna 41 can be provided at a portion to which a radio wave can be radiated 
inside the vehicle, such as a center consol. The system ECU 44 is connected 
to the second oscillator 42 and the receiving tuner 43. The receiving tuner 43 
can be provided, for example in a vehicle inner rhirror. 

35 The system ECU 44 in the vehicle is connected to an operation detecting unit 51 , 
a door opening/closing detecting unit 52, and a sensor group 53. The operation 



detecting unit , 51 detects operations of various switches by the user. For 
example, when the operation detecting unit 51 detects operation of an ignition 
switch (not shown), the operation detecting unit 51 supplies a detection signal 
indicating the operation of the ignition switch to the system ECU 44. The door 
5 opening/closing detecting unit 52 detects opening/closing operation of the 
vehicle door on a side of a driver seat (or each door of the vehicle) and supplies 
a detection signal to the system ECU 44. The sensor group S3 includes various 
sensors for detecting vehicle conditions such as a vehicle speed a!nd a window 
opening/closing condition. These sensors supply detection signals to the 

10 system ECU 44. The door ECU 12 and the system ECU 44 correspond to a 
control mechanism which is claimed according to the present invention, 
According to the embodiment of the present invention, the system 1 includes the 
system ECU 44 for controlling an entire system and the door ECU 12 for 
controlling the operation of the door lock mechanism 1 1 . Alternatively, a single 

15 ECU can be provided, which functions in substitution for the ECUS 1 2 and 44. 

The system ECU 44 in the vehicle is further connected to an engine 54, a 
steering lock unit 55, and an Irnmoblllzer unit 56. The steering lock unit 55 
prohibits ai steering operation by mechanically locking a steering wheel (not 
20 shown). The Immobilizer unit 56 prohibits fuel supply to the engine 54 and 
further prohibits the ignition of the engine 54 for dishonest purposes. The 
ignition of the engine 54 can be controlled by an engine control portion (not 
shown) In the system ECU 44. 

25 The system ECU 44 transmits a first request signal and a second request signal 
to the first oscillator 30 and the second oscillator 42, respectively. The first 
request signal is u^ed outside the vehicle and the second request signal is used 
inside the vehlcte. ^According to the embodiment of the present invention, the 
first transmittlngifintenna 21 and the second transrnltting antenna 41 transmit the 

30 request signal having a frequency at 134 kHz toward the portable station 60 as 
the first request signal and the second request signal, respectively. The 
receiving tuner 43 receives an ID information signal transmitted from the 
' portable station 60. According to the embodirhent of the present invention, the 
ID information signal has a frequency at 315 MHz. The ID information signal is 

35 received and demodulated by the receiving tuner 43 and Is supplied to the 
system ECU 44. The system ECU 44 houses a memory 45 which contains a 



plurality of different codes stored therein such as a code for unlocking and 



locking the vehicle door, a code for starting the engine 54, and a transponder ID 
code. For example, the memory 45 is a nonvolatile memory such that contents 
stored in the memory 45 can be maintained even If power supply to the memory 
5 45 Is shut off. 

As Illustrated in FIG. 2, the portable station 60 is provided with a transmitting 
antenna 62 and a recerving antenna 64. The transmitting antenna 62 transmits 
the ID Information signal at 315 MHz to the vehicle. The receiving antenna 64 
10 receives the request signal transmitted at 134 kHz from the vehicle. The 
transmitting antenna 62 and the receiving antenna 64 are connected to a 
transmitting/receiving circuit 66 connected to a controller 6^. 

When the receiving antenna 64 of the portable station 80 receives the first 
15 request signal having the frequency at 1 34 kHz transmitted from the vehicle, the 
received signal is demodulated in the transmitting/receiving circuit 66 and then 
supplied to the controller 68, The controller 68 transmits a code stored in a 
memory 70 to the transmitting/receiving circuit 66, The transmitting/receiving 
circuit 66 modulates the code rncfuding the iP information. At this point, the ID 
20 information signal having the frequency at 315 MHz is transmitted to the 
receiving tuner 43 in the vehicle. 

Next, the description will be given for explaining an operation of the smart entry 
system 1 during the vehicle being parked. When the vehicle has been parked, 

25 the request signal is transmitted from the system ECU 44 to the first oscillator 30 
In the door panel. The first request signal having the frequency at 134 kHz Is 
transmitted as the radio wave from the first transmitting antenna 21 to the 
vehicle outside. ' When the user carrying the portable station 60 comes dose to 
the vehicle, thevi^ceiving antenna 64 of the portable station 60 receives the first 

30 request signal. The received signal is demodulated in the 
transmitting/receiving circuit 66 and then supplied to the controller 68. The ID 
information signal having the frequency at 315 MHz is hence transmitted from 
the transmitting antenna 62 to the receiving tuner 43. The ID information signal 
is eventually transmitted from the receiving tuner 43 to the system ECU 44. 

35 Therefore, the system ECU 44 can recognize that the portable station 60 has 
come close to the vehicle. The system ECU 44 selects a door unlock mode 
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when the vehicle door manual operation is detected during the user carrying the 
portable station 60 being close to the vehicle. 

In the door unlock mode, the system ECU 44 controls the luminous member 24 
5 to continuously light-emit via the first oscillator 30. Therefore, the user can 
visually confirm that the ID information signal has been transmitted from the 
portable station 60 to the vehicle, i.e. can visually confirm the door unlock mode 
has been actually selected. 

10 When the door handle 20 is gripped by the user in the door unlock mode, the 
door-unlock detection sensor electrode 22 transmits a sense signal to the 
system ECU 44 via the first oscillator 30. The system ECU 44 processes the 
sense signal and transmits a door unlock signal to the dopr ECU 12, whereby 
the door lock mechanism 1 1 Is operated for unlocking the vehicle door, At this 

1 5 point, a signal for controlling the luminous member ^4 to light^emlt is transmitted 
to the luminous member 24 via the first oscillator 30, wherein the luminous 
member 24 is controlled to blink. Therefore, the user can visually confirm that 
the vehicle door Is unlocked. 

20 Next, the following description will be given for explaining the operation of the 
smart entry system 1 when the user moves from the vehicle inside to the vehicle 
outside. When the user Is fnside the vehicle/ the request signal is transmitted 
from the system ECU 44 to the second oscillator 42. The second request 
signal is then transmitted as the radio wave from the second transmitting 

25 antenna 41 to the vehicle Inside. When the portable station 60 is inside the 
vehicle, the second request signal from the second transmitting antenna 41 is 
received by the portable station 60 Inside the vehicle end the ID information 
signal from the frartemitting antenna 62 of the portable station 60 is received by 
the receiving tuinipr'43. When the user Is moved to the vehicle outside from the 

30 aforementioned condition that the portable station 60 is inside the vehicle, the 
portable station 60 can not receive the second request signal from the second 
transmitting antenna 41 any more» In this case, the ID information signal based 
upon the second request signal can not be transmitted to the receiving tuner 43 
any more. At this point, the system ECU 44 identifies that the portable station 

35 60 was moved from the vehicle inside to the vehicle outside, i.e. identifies that 
the user moved from the vehicle inside to the vehicle outside. The system ECU 
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44 selects a door lock mode in response to the closing operation of the vehicle 
door. 

In the door lock mode, the system ECU 44 controls the luminous member 24 to 
5 blink via the first oscillator 30. Therefore, the user can visually confirm that the 
vehicle door can be locked, i.e. can visually confirm that the vehicle door can be 
locked In response to the manual operation of the door handle 20. 

When the door handle 20 is gripped by the user under the door lock mode, the 

10 door-lock detection sensor electrode 23 transmits a lock signal to the system 
ECU 44 via the first oscillator 30. The system ECU 44 processes the lock 
signal and transmits the request signal to the first oscillator 30. The first 
transmitting antenna 21 then transmits the first request signal as the radio wave 
to the vehicle outside. At this point, the user canning the portable station 60 is 

15 close to the vehicle door outside such that the ID Information signal can be 
transmitted from the portable station 60 to the receiving tuner 43. The received 
signal by the receiving tuner 43 is transmitted to the system ECU 44. As 
described above, wheri the system ECU 44 identifies that the user carrying the 
portable statior? 60 is outside the vehicle, the system ECU 44 transniits a door 

20 lock signal to the door ECU 12 In response to the contact of the user with the 
door handle 20, whereby the door lock mechanism 11 is operated for locking the 
vehicle door. At this point, a signal for controlling the luminous member 24 to 
continuously light-up is transmitted to the luminous member 24 via the first 
oscillator 30, wherein the luminous member 24 is controlled to continuously 

25 llght-up. Therefore, the user can visually confirm that the vehicle door is 
locked. 

Next, the following^'description will be given for explaining details of the first 
oscillator 30 andvthte door handle 20. As illustrated in FIG. 4, the door handle 
30 20 of a grip type according to the embodiment of the present invention is 
mounted to an outer door panel of the door and the vehicle door can be opened 
when a grip portion GP at a central portion of the door handle 20 Is gripped. 
Alternatively, the door handle 20 is not limited to the grip type and a different 
type of the door handle can be applicable for. 

35 

As illustrated in FIG. 3, the first oscillator 30 includes a sensor electrode driver 



31 , a transmitting amplifier 32. and a lighting, driver 33. The first request signal 
outputted from the system ECU 44 Is inputted to a CLG terminal, 
modulation-amplified by the transmitting amplifier 32, and transmitted to th(9 first 
transmitting antenna 21 via ANT1 and ANT 2 terminals. The first request signal 
5 received by the first transmitting antenna 21 is transmitted as the radio wave to 
the vehicle outside. The signals outputted from the system ECU 44 in the door 
lock mode and the door unlock mode is inputted to a SEL terminal such that the 
sensor electrode driver 31 connected to the SEL terminal is activated. The 
sensor electrode driver 31 drives the door-lock detection censor electrode 23 via 
10 an SGT1 terminal and drives the door-unlock detection sensor electrode 22 via 
an SGT2 terminal: The first transmitting antenna 21, the detection sensor 
; electrodes 22, 23 and the luminous member 24 are electripally connected to the 
respective terminals. , 

15 Th9 first transmitting antenna 21 includes a ferrlte core 21 A possessing a 
rectangular solid and ai coll 21 B wounded around the ferrite core 21 A iat a right 
angle relative to a longitudinal direction of the ferrlte core 21 A. The door-lock 
detection sensor electrode! 23 is a capacitance type sensor electrode and Is 
embedded in a front side of the door handle 20 (In an upper side in FIG. 4). 

20 The door-lock detection sensor electrode 23 functions for recognizing the 
manual operation of the door handle 20, I.e. the contact with the door handle 20. 
when the user Is closing the vehicle door. The door-unlock detection sensor 
electrode 22 is also a capacitance type sensor electrode and is embedded in a 
backside of the door handle 20 (in a lower side in FIG. 4). the dpor-unlock 

25 detection sensor electrode 22 functions for recognizing the manual operation of 
the door handle 20, i.e. the contact with the door handle 20, when the user is 
opening the vehicle door. As described above, according to the embodiment of 
the present Inv^nti^n, the system ECU 44 recognizes the manual operation of 
the door handie^SO based upon a change of the capacitance detected by the 

30 sensor electrode 22 or 23 when the door handle 20 is manually operated. 
Alternatively, the manual operation of the door handle 20 can be recognized 
based upon a switch-on operation of an operational switch 220 (illustrated in FIG. 
10). F|G. 10 shows the operational switch 220 provided at the door handle 20 
at a left^slde vehicle door. However, the operational switch 220 can be 

35 provided at the door handle 20 at a different vehicle door such as a right-side 
vehicle door. 
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When the vehicle door is manually opened, the user becomes In contact with the 
backside of the door handle 20 so as to pull the door handle 20 outwardly in a 
lateral or longitudinal direction of the vehicle. Therefore, the door-unlock 
5 detection sensor electrode 22 detects the manual opening operation of the 
vehicle door in response to the coritact with. the backside of the door handle 20. 
In this case, the sensor electrode driver 31 detects the change of the signal 
emitted from the SGT2 terminal and transmits the sense signal to the system 
ECU 44 via a SENS terminal. On the other hand, when the vehicle door Is 

10 manually closed, the user, becomes in contact with the front side of the door 
handle 20. Therefore/the door-(ock detection sensor electrode 23 detects the 
manual closing operation of the vehicle door in response tp the contact with the 
front side of the door handle 20. In this case, the sensof electrode driver 31 
detects the change of the signal emitted from the SGT1 terminal and transmits 

15 the lock signal to the systeni ECU 44 via the SENS term/nal. When the system 
ECU 44 controls the luminous member 24 to llght-emit, a signal is transmitted 
from the system ECU 44 to an iLMI terminal in the first oscillator 30 so as to 
activate the lighting driver 33. The lighting driver 33 drives the luminous 
member 24 to continuously light-emit or to blink, 

20 

Next, the following description will be given for explaining the luminous member 
24 embedded in the door handle 20. As illustrated in FIGS. 5 and 6, for 
example, a high brightness LED (light emitting diode) can be used as the 
luminous member 24. The luminous member 24 Is surrounded by a light 

Z5 diffusion resin 25 and is housed In a housing portion 20A, which is defined at an 
end portion of the door handle 20» along with a transparent acryl 26 surrounding 
the light diffusion resin 25. The light diffusion resin 25 is prieferably used so as 
to restrain light diffusion. According to the embodiment of the present Invention, 
the luminous meimber24 is surrounded by the tight diffusion resin 25 such that 

30 the light emitted frorn the luminous member 24 can be effectively restrained from 
the light-diffusion. Therefore, the user can visually confirm the light emitted 
from the luminous member 24 regardless of the brightness outside around the 
vehicle. 

35 FIG. 7 shows a modified exampl€| of the luminous member 24 according to the 
embodfment of the present invention. As fifustrated in FIG. 7, the door handle 



20 houses a combination of a first LED 24A (Le, the light-emitting means, a first 
light-emitting means) and a second LED 24B (i.e. the light-emitting means, a 
second light-emitting means) which emits a different light from the first LED 24A, 
in substitution for the luminous member 24. The other structure such as the 
5 light diffusion resin 25. the transparent acryl 26, and the housing portion 20A are 
provided In the same manner as the first embodiment of the present invention. 
When the door handle 20 provided with the first LjED 24A and the second LED 
24B Is used for the smart entry system 1, the emitted light can be varied In 
accordance with the vehicle door condition. For example, the first LED 24A can 

10 be controlled to llght-emit upon unlocking the vehicle door and the second LED 
24B can be controlled to fight-emit upon locking the vehicle door. As an further 
example, the first LED 24A is controlled to llght-emit when the system ECU 44 
selects the door unlock mode, and the second LED 248 is cpntrolled to light-emit 
when the vehicle door is actually unlocked. As a still further example, the first 

15 LED 24A is controlled to l/ght-emit when the system ECU 44 selects the door 
lock nhode, and the second LED 24B is controlled to light-emit when the vehicle 
door is actually locked: Accordingly^ the vehicle door condition will be 
preferably distinguishable by the user. 

20 Next, the following description will be given for explaining the unlock operation of 
the vehicle door according to the embodiment of the present invention and the 
modified example with reference to a flowchart illustrated In FIG. 8. 

The system EQU 44 judges at step S100 whether or not the user carrying the 
25 portable station 60 is close to the vehicle door, When the portable station 60 is 
judged to be coming close thereto, the process proceeds to step SI 01 and the 
luminous rtiember 2!4 lights up, or the first LED 24A lights up. At step SI 02. the 
system ECU 44^judt|es whether of not the vehicle door is to be unlocked by the 
user based upoathe manual operation of the door handle 20. More particularly, 
30 the vehicle door is judged to be unlocked when the user touches the backside of 
the door handle 20 for opening the vehicle door. When the vehicle door is 
judged to be unlocked at step SI 02, the process then proceeds to step 81 03. 
On the other hand, when the vehicle door is not judged to be unlocked at step 
SI 02, the process proceeds to step S107, wherein the system ECU 44 judges 
35 wh ther of not a predetermined period of time has passed since the detection of 
the portable station 60 coming close to. the vehicle door. When the 
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predetermined period of time has not passed yet, the process returns to step 
SI 02 so as to judge whether or not the vehicle door Is to be unlocked by the user. 
On the other hand, when the predetermined period of time has already passed, 
the process proceeds to step S 1 06. 

5 .. ^ - 

In the meantime, when the vehicle door is Judged at step S102 to be unlocked by 
the user, the process proceeds to step 8103 so as to unlock the vehicle door by 
operating the door iQck mechanism 1 1 . At step S1 04, the LED 24 blinks, or the 
second LED 24B lights up. At step SI 05, the system ECU 44 judges whether 

10 or not a predetermined period of time has passed since the initial blink of the 
luminous member 24 or since the Initial light-up of the second LED 24B. When 
' the predetermined period of time is judged to have already , passed at step SI 05, 
the process proceeds to step SI 06 so as to turn off the jlght of the luminous 
member 24, the first LED 24A, and the second LED 24B. As described above, 

15 the vehicle door unlock operation is performed according to the present 
invention. 

Next, the following description wilt be given for explaining the lock operation of 
the vehicle door according to the embodiment of the present Invention and the 
20 modified example with reference to a flowchart illustrated in FIG. 9. 

The system ECU 44 Judges at step S200 whether or not the user carrying the 
portable station 60 moved from the vehicle inside to the vehicle outside. When 
the portable station 60 is judged to have moved to the vehicle outside, the 

25 process proceeds to step $201 and the luminous member 24 blinks, or the 
second LED 24B lights up. At step S202, the system ECU 44 judges whether 
or not the vehicle door is to be locked by the user based upon the manual 
operation of the bodr handle 20. More particularly, the vehicle door Is Judged to 
be locked whenh|he user touches the front side of the door handle 20 for closing 

30 the vehicle door. When the vehicle door is judged to be locked by the user, the 
process then proceeds to step S203. On the other hand, when the vehicle door 
is not judged to be locked at step S202, the process proceeds to step S207, 
wherein the system ECU 44 judges whether or not a predetermined period of 
. time has passed since the detection of the portable station 60 moved to the 

35 vehicle outside. When the predetermined period of time has not passed yet, 
the process returns to step S202 so as to judge whether or not the vehicle door 
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Is to be locked by the user. On the other hand, when the predetermined period 
of time has already passed, the process proceeds to step S206. 

In the meantime, when the vehicle door is judged at step S202 to be locked by 
5 the user, the process proceeds to step S203 so as to lock the vehicle door by 
operating the door lock mechanism 11. At step S204, the LED 24 lights up, or 
the first LED 24A lights up. At step S205. the system ECU 44 judges whether 
or not a predetermined period of time has passed since the Initial light-up of the 
luminous member 24 or since the Initial light-up of the first LED 24A. When the 
1 0 predetermined period of time is judged to have already passed at step S205, the 
process proceeds to step S206 so as to turn off the light of the luminous member 
' 24, the first LED 24A, and the second LED 24B. As qlescribed above,, the 
vehicle door lock operation is performed according to the pr;esent invention. 

15 As described above, according to the smart entry system 1 of the present 
invention, the luminous meniber 24 (or the first or second LEDS) embedded in 
the door handle 20 light-emits immediately after the manual operation of the 
door handle 20 so as to open/close the vehicle door. The light emitted from the 
luminous member 24 (or the first or second LEDS) can effectively warn the user 

20 whether the vehicle door Is locked or unlocked. When the door handle 20 is 
manually operated, the user's eyes are generally turning on the door handle 20. 
In light of this point, the light emitted from the luminous member 24 can be easily 
confirmed by the user upon the manual operation of the door handle 20. This 
can mean that the user can surely confirm the vehicle door condition. 

25 

the present Invention is not limited only to the above preferred embodiment. 
For example, when the vehicle door 1$ to be unlocked, the system ECU 44 
judges at step 3l 07 In FIG. 8 whether or not the predetermined period of time 
has passed since the detection of the portable station 60 coming close to the 
30 vehicle door. Alternatively, the system ECU 44 can judge at step SI 07 whether 
or not the portable station 60 can not be confirmed to be close to the vehicle 
door anymore. . 

As another example, the process at step 8202 in FIG. 9 can be switched with the 
35 process at step S200. That is, the system ECU 44 first can judge whether or 
not the vehicle door is to be locked based upon the manual operation of the door 



handle 20, and the LED Is then controlled to light up or to blink. The system 
ECU 44 can judge the position of the portable station 60 after the light-up or the 
blink of the LED. The vehicle door locking operation can be performed in the 
aforementioned process as well, 

5 . ' 

As a further example, when the vehicle door is to be unlocked, the luminous 
member 24 lights up at step SI 00 in FIG. 8 and blinks at step Si 04. When the 
vehicle door is to be locked, the luminous member 24 blinks at $tep'S20l In FIG. 
9 and lights up at step S204. Alternatively, the light-up and blink of the 
1 0 luminous member 24 in FIG. 8 can be changed to each other. The light-up and 
bijnk of the luminous nrieniber 24 In FIG. 9 can be also changed to each other. 

As a sitlll further example, the predetermined period of tim^s at steps S105 and 
S107 can be uniform or different. The predetermined period of times at steps 
1 5 S205 and S207 can be uniform or different as vvell. 

The principles, a preferred embodiment and mode of operation of the present 
invention have been described In the foregoing specif icatipn. However, the 
Inviantion which la intended to be protected is not to be construed as limited to 

20 the particular embodiment disclosed. Further, the embodiment described 
herein Is to be regarded as illustrative rather than restrictive. Variations and 
changes may be made by others, and equivalents employed, without departing 
from the spirit of the present Invention. Accordingly, it is expressly intended 
that all such variations, changes and equivalents which fall within the spirit and 

25 scope of the present invention as defined In the claims, be embraced thereby. 
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